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Background: Lymphangioleiomyomatosis (LAM) is a rare and progressive disease of young women with
no effective treatment. Previous estimates of 10 year survival, based mostly on case series or patients from
tertiary centres, have ranged from 40% to 79%; no data are available on the progression of respiratory
disability. In order to provide data for patients and for planning intervention studies, we have looked at the
time course of LAM using a national cohort.
Methods: Time to death, time to MRC dyspnoea grades 2–5, and need for oxygen in patients on the UK
LAM database were analysed using Kaplan-Meier analysis and Cox regression.
Results: Fifty seven of 72 patients responded with a median duration of follow up of 12.6 years (range
2.3–37) from the onset of symptoms. Ten year survival was 91% from onset of symptoms but varied widely
with 11 patients alive after 20 years. Median time to MRC grade 3 dyspnoea (breathless walking on the
flat) was 9.3 years (95% CI 5.1 to 13.4) from onset of symptoms.
Conclusions: Survival from LAM appears to be better than that reported in early studies. These data should
be helpful for patients and for planning clinical trials.

L
ymphangioleiomyomatosis (LAM) is a progressive disease
of young women which usually causes death from
respiratory failure. Infiltration of the lungs and axial

lymphatics by LAM cells, an unusual form of smooth muscle
cell, results in cystic lung disease, recurrent pneumothorax,
and chylous collections in the thorax and abdomen.1 Sporadic
LAM affects about one per million of the UK population,2

although the disease can also occur as part of the tuberous
sclerosis complex. LAM is thought to progress more rapidly in
the presence of high oestrogen levels and may be treated with
progesterone.3

Initial reports of sporadic LAM based on case reports and
necropsy series of patients suggested that survival was
usually less than 10 years from the onset of symptoms.4 5

Survival has been better in more recent series with many or
most patients living for 10 years or more.6–8 These studies
have used different methods to identify patients and it is
unclear to what extent the patients studied represent the full
spectrum of those with LAM. To provide data on the longer
term prognosis for patients with LAM, we studied survival
and disease progression in patients from the UK national
LAM database. We also looked at the effect of various factors
such as cigarette smoking on disease progression.

METHODS
Patients and data collection
Patients enrolled on the UK LAM register following its
inception in 1995 were studied. We have tried to identify all
patients with LAM in the UK, initially by writing to chest
physicians, pathologists and surgeons and subsequently
recruiting new patients by word of mouth and through the
LAM Action website (http://www.LAMaction.org) and the
British Thoracic Society Orphan Lung Disease database
(BOLD). At the time of the study the LAM database
comprised 76 patients including both prevalent patients from
1995 and incident cases arising thereafter. Patients are
accepted onto the database on the basis of a physician made
diagnosis of LAM, and they are then asked whether in
principle they are willing to participate in research in the
future. Patients who had agreed to help with research

(n=72) were contacted by letter, invited to participate in
the study, and informed consent was obtained. Some of the
patients included in this study have contributed to previous
studies by our group.2 9 10

Patients completed a proforma concerning presenting
symptoms of LAM and the dates when symptoms relating
to the five points on the MRC dyspnoea scale11 had occurred
(table 1), or when home oxygen was prescribed. Details of
contraceptive pill use, hormonal treatment for LAM, cigarette
smoking, and pregnancy were also obtained. When a patient
on the database had died, details were collected from hospital
notes. The study was approved by Nottingham local research
ethics committee and the LAM database by Trent multicentre
research ethics committee.

Analysis of data
Survival at 10 years (including survival after lung trans-
plantation) was calculated by Kaplan-Meier analysis from
the onset of symptoms of LAM. Disability was calculated as
time to increasing dyspnoea as judged by the five points on
the MRC dyspnoea scale and time to the provision of home
oxygen using Kaplan-Meier analysis. The effects of pre-
senting symptoms, use of the oral contraceptive pill, age at
first symptom, cigarette smoking, pregnancy, and use of

Table 1 MRC dyspnoea scale

Statement
MRC dyspnoea
grade

I only get breathless after strenuous exercise 1
I get short of breath when hurrying on the
level or on a slight hill

2

I walk slower than people of the same
age on the level because of breathlessness or
have to stop for breath when walking at
my own pace on the level

3

I have to stop for breath after walking 100 yards
or after a few minutes on the level

4

I am too breathless to leave the house 5
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progesterone on disease progression were assessed by multi-
variate Cox regression. Since time to MRC grade 3 dyspnoea
contained the largest number of events, it was used as the
primary end point to assess factors associated with disease
progression to increase statistical power. The same analysis
was performed on time to MRC grade 4 dyspnoea to check
the robustness of our findings. Statistical analysis was
performed using SPSS (SPSS Inc, Chicago, IL, USA).

RESULTS
Details were obtained from 57 of the 72 patients, 53 who
completed the questionnaire and four who had died for
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Figure 1 Kaplan-Meier plots of (A) time to MRC dyspnoea grades 2–5
and (B) time to provision of oxygen therapy. Cases who had not reached
the end point before the time of writing are censored (shown as a cross).
Plots are truncated at 20 years.

Table 2 Median time (95% confidence interval (CI)) in years from onset of symptoms to reaching MRC dyspnoea grades 2–5
and cumulative probability (95% CI) of reaching these end points at 5 and 10 years

End point n Censored Median time (95% CI)
5 year probability of reaching
end point (95% CI)

10 year probability of reaching
end point (95% CI)

MRC 2 47 7 5.7 (2.5 to 8.8) 0.49 (0.35 to 0.63) 0.75 (0.61 to 0.88)
MRC 3 47 15 9.3 (5.1 to 13.4) 0.25 (0.13 to 0.38) 0.55 (0.40 to 0.70)
MRC 4 52 32 NA* 0.19 (0.09 to 0.30) 0.31 (0.18 to 0.44)
MRC 5 56 48 NA* 0.04 (0 to 0.08) 0.10 (0.02 to 0.18)
Home oxygen 56 39 NA* 0.05 (0 to 0.11) 0.23 (0.11 to 0.35)

*Median time not available since fewer than 50% of cases had achieved the end point.
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Figure 2 Effect of (A) pregnancy after the diagnosis of LAM, (B) use of
progesterone therapy, and (C) ever having smoked on time to MRC
grade 3 dyspnoea from onset of symptoms. Plots are truncated at
20 years.
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whom a questionnaire was completed from hospital notes
(overall response rate 79%). Data on disability were not
available for one patient who had died but her death was
included in the survival analysis. Thirteen of the 15 patients
who did not complete the questionnaire were known to be
alive, while in two cases there was no response from the
patient or physician. Twenty two of the 57 patients were
incident cases diagnosed since 1995 and 35 were prevalent
cases. The total follow up was 718 person years from the
onset of symptoms (median 12.6 per patient (range 2.3–
37.4)) and 416 person years from the date of joining the
LAM database (median 7.3 per patient (range 2.3–8.0)). The
patients were all female with a mean age at onset of
symptoms of 33.6 years. Fifty six were white and one was of
Asian ethnic origin. The presenting symptoms were dyspnoea
(47%), pneumothorax (37%), chylous pleural effusion (7%),
haemoptysis (5%), and other symptoms (4%). The diagnosis
had been made by lung biopsy in 43 patients, CT scan plus
the presence of an angiomyolipoma or chylous effusion in
three patients, extrapulmonary tissue biopsy plus CT scan in
one patient, and CT scan alone in eight patients. Two patients
were thought to have tuberous sclerosis although their
major clinical manifestation was LAM. Thirty six patients
had received hormone treatment for LAM, 34 with proges-
terone alone, one with progesterone and tamoxifen, and one
with progesterone and a gonadotrophin releasing hormone
analogue.
Over the period of observation five of the 57 patients had

died (one following lung transplantation) and six were alive
following a lung transplant. The overall survival probability
in this group at 10 years from the onset of symptoms was
0.91 (95% CI 0.83 to 0.99). Twenty one patients had been
observed for 15 years or more, 18 of whom were still alive,
and 12 had been observed for 20 years or more of whom 11
were still alive.
The time at which patients reached dyspnoea grades 2–5

and the time to the provision of home oxygen are shown in
table 2 and fig 1. Few patients could clearly recall when they
had reached MRC dyspnoea grade 1 and these data are not
presented. From the onset of symptoms the median time to
MRC grade 2 was 5.7 years (95% CI 2.5 to 8.8) and to grade 3
was 9.3 years (95% CI 5.1 to 13.4).

Factors affecting disease progression
Although there was more rapid progression to MRC grade
3 dyspnoea in cigarette smokers (hazard ratio 2.0 (95% CI
0.9 to 4.3)), those who had been pregnant after the onset
of symptoms (2.7 (95% CI 1.0 to 7.4)) and patients treated
with progesterone (2.2 (95% CI 1.0 to 4.9)) were all of
borderline statistical significance at the 5% level (table 3,

fig 2). Age at onset of symptoms and use of the contraceptive
pill had no effect on time to MRC grade 3 dyspnoea (table 3).
Although the numbers were smaller, the hazard ratios for
time to MRC dyspnoea grade 4 were similar to those for MRC
grade 3 (pregnancy: 1.8 (95% CI 0.5 to 6.5), contraceptive pill
use: 0.9 (95% CI 0.3 to 2.4), age at onset under 33: 0.5 (95%
CI 0.2 to 1.3), progesterone treatment: 6.5 (95% CI 1.5 to
28.5), cigarette smoking: 2.1 (95% CI 0.8 to 5.3)). The
presenting symptom had no effect on either end point (data
not shown). When all the variables were entered in a
multivariate Cox regression model, there was no substantial
change in either the size or statistical significance of the
hazard ratios.

DISCUSSION
We set out to provide information on the prognosis for
patients with LAM. Ten years after the onset of symptoms
55% of our cohort had developed MRC grade 3 dyspnoea,
23% were taking oxygen treatment, and 9% had died.
Survival varied considerably between patients, however,
with several alive after 15 years or more as noted
previously.2 12

To minimise selection bias we tried to include all patients
with LAM in the UK. Nevertheless, our figures are based
in part on prevalent cases from 1995 and hence are subject
to survival bias since those who die rapidly would be
underrepresented in this cohort. Given the low incidence of
LAM, however, studies based on incident cases alone are
not yet feasible. Our 10 year survival estimate of 91%
compares with figures of 40%7 and 70% in previous studies
of prevalent cases.6 8 Improved diagnosis and treatment,
including lung transplantation, may have contributed to
longer survival.
We examined disability in our cohort since this should

provide useful end points of disease progression. The MRC
dyspnoea scale is a simple, well validated clinical index of
dyspnoea11 13 and, with the exception of grade 1 (breathless
after strenuous exercise), most patients were able to recall
when they reached the different stages. Nine years after
their first symptom of LAM half the patients had deve-
loped breathlessness to the level where they had to stop on
the flat or walk more slowly than people of the same
age (grade 3). Ten years from symptom onset 55% had
reached grade 3 dyspnoea, 23% had been prescribed oxygen
for use at home, and 10% were housebound because of
dyspnoea.
Previous studies suggested that age at onset of LAM and

cigarette smoking had an adverse effect on outcome in LAM14

but we were unable to confirm these findings. Cigarette
smokers reached grade 3 dyspnoea sooner than non-smokers

Table 3 Effect of various factors on the median time (years) for patients to reach MRC
grade 3 dyspnoea from onset of symptoms

Yes No

Hazard ratio
(95% CI)n (censored)

Median
(95% CI) n (censored)

Median
(95% CI)

Pregnancy since
diagnosis

7 (1) 7.8 (0.0* to 20.4) 38 (14) 12.4 (7.4 to 17.5) 2.7 (1.0 to 7.4)

Ever taken OCP 34 (11) 9.0 (8.3 to 9.7) 13 (4) 12.5 (2.9 to 13.75) 1.2 (0.5 to 2.6)
Age at onset
under 33

25 (6) 9.3 (7.7 to 10.8) 21 (8) 8.8 (4.7 to 12.9) 1.0 (0.5 to 2.0)

Ever had
progesterone
treatment

29 (6) 9.0 (5.5 to 12.5) 18 (9) 13.6 (6.3 to 20.9) 2.2 (1.0 to 4.9)

Ever smoked 15 (4) 7.8 (1.8 to 13.7) 30 (10) 12.5 (7.7 to 17.4) 2.0 (0.9 to 4.3)

OCP, oral contraceptive pill.
Censored identifies patients who had not achieved grade 3 dyspnoea by end of follow up.
*Value of zero is due to one patient presenting with grade 3 dyspnoea.
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(hazard ratio 2.0), but this was not statistically significant.
Smoking habits were relatively modest, however, and only
five of the 12 patients who had smoked had more than a 20
pack year smoking exposure. Pregnancy may have an adverse
effect on LAM6 15 and, although firm conclusions cannot be
drawn from so few patients, the seven patients who became
pregnant after developing LAM reached grade 3 dyspnoea
4 years earlier than those who had not become pregnant.
These patients also had more complications from LAM during
pregnancy, as discussed elsewhere.9 Progesterone, the most
commonly used hormone treatment for LAM in the UK,
was associated with a more rapid progression to grade 3
dyspnoea. We assume that this is because progesterone is
more likely to be given to patients whose condition is
deteriorating rapidly. In our previous retrospective study,
patients treated with progesterone had lower baseline lung
function than untreated patients but a trend towards a
slower rate of decline in forced expiratory volume in 1 second
with progesterone.2 Nevertheless, in the absence of a
prospective trial, an adverse effect of progesterone treatment
on LAM cannot be excluded.
Obtaining accurate and clinically useful data on survival

of patients with a rare disease is difficult. The use of MRC
dyspnoea grades allowed us to obtain useful clinical data,
and such a strategy may be useful for other rare diseases. We
tried to obtain data on all patients with LAM in the UK and
our cohort should be reasonably representative of the
spectrum of disease severity seen in patients with LAM,
albeit with some bias towards the longer survivors. Our
findings should be helpful in planning forthcoming trials of
new treatments and should also be useful for patients with
LAM.
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